Structural and functional analysis of a bacterial cellulase by proteolysis.
CenA is an endo-beta 1,4-glucanase from the cellulolytic bacterium Cellulomonas fimi. It is a bifunctional enzyme comprising an amino-terminal cellulose-binding domain and a carboxyl-terminal catalytic domain joined by a short sequence of prolyl and threonyl residues (the Pro-Thr box). Additional structural and functional information was revealed by a detailed analysis of the products generated by proteolytic cleavage of a nonglycosylated form of CenA. An extracellular C. fimi protease attacked nonglycosylated CenA at the junctions between the Pro-Thr box and the two functional domains. A stable "core" peptide (p30), corresponding to the catalytic domain, remained after extensive proteolysis. p30 was resistant to further attack even in the presence of 2-mercaptoethanol plus urea or dithiothreitol, but treatment in the presence of sodium dodecyl sulfate allowed complete fragmentation to small peptides. Stable peptides, identical, or closely related to p30, were generated by alpha-chymotrypsin or papain. These results indicated that the catalytic domain adopts a tightly folded conformation affording protection from proteolytic attack. In contrast, the cellulose-binding domain showed a relatively loose conformation. Progressive proteolytic truncation from the amino terminus was apparent during incubation with alpha-chymotrypsin or papain, or with C. fimi protease under reducing conditions. Affinity for cellulose was retained by products missing up to 64 amino-terminal amino acids. The remaining carboxyl-proximal region of the cellulose-binding domain with affinity (47 amino acids) contained sequences highly conserved in analogous domains from other bacterial endo-beta 1,4-glucanases. By analogy with other systems, the properties of the Pro-Thr box are consistent with an elongated conformation. The results of this investigation suggest that CenA has a tertiary structure which resembles that of certain fungal cellulases.